Yield improvement is the main aim of all agricultural activities. Therefore, it is important to have an idea about the yield that can be produced from a piece of land before investing in it. This work is aimed at analysing the impact of climate change on crop yield potential and predicting the crop yield potential in six geo political zones in Nigeria using global solar radiation as the only limiting factor of production. Climatic data were obtained from Nigeria Meteorological Agency (NIMET), Oshodi, Nigeria. Results of impact of climate change on the photosynthetic, light-temperature, and climatic potential productivities of maize and their gap differences are presented using a crop growth dynamics statistical method. The results showed that photosynthetic potential productivity decreased from north to south, with the largest values in two maize-growing zones due to higher average growing season radiation and a longer maize growing season. The light-temperature potential productivity of maize was higher than photosynthetic potential productivity, which varied from 3223.99 to 4425.79 kg ha , with the high value areas centered in Southern Nigeria.
INTRODUCTION
The relation between the atmosphere and the soil cannot be overemphasized. Food production is being influenced by weather and climate variations therefore, studying the impact of climate change is important in order to cater for people as the population of the world is expected to be around 10 billion people by 2100 (Keyzer et al., 2002 , Boogaard et al., 2014 ). The key parameter that determines food production is crop potential productivity (Wang et al., 2011) . Grassini et al. (2009) reported that when a crop is grown under favorable conditions unlike in 2016 in which the earth's surface experienced the warmest climate for the past 135 years (NASA GISS, *Corresponding author. E-mail: rauffkazeem@yahoo.com. Tel: +601114424190.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License 2015), it is referred to as potential yield. Yang et al. (2010) and Zheng-Hong et al. (2017) defined photosynthetic light-temperature and climatic potential productivity as when there is maximum crop output determined by radiation, light-temperature, and lighttemperature-precipitation conditions, respectively. Crop growth models which we use to estimate agriculture potential and to forecast crop yield are important tools of interdisciplinary research (Zunfu et al., 2017) . The essential input variable to estimate potential productivity and actual evapotranspiration is global solar radiation ( 0 H ), but there has been a significant challenge. Despite the fact that remote sensing technique makes 0 H data available to users, the use of empirical models to estimate 0 H from measured meteorological variables is still relevant in many applications (Chen et al., 2013) . Many formulas were developed so as to choose the best selection method to tackle these challenges and some of these formulas have been incorporated into crop models as part of the software package (Donatelli et al., 2003) , so as to facilitate the preparation of the necessary weather data. The concern of the general community is our climate variation and its impact on our food production. There is need to develop a statistical tool that can assist the farmers (Keating et al., 2003) to forecast the production even before going to the farm. Some studies (Chen et al., 2013) have estimated the spatiotemporal changes in crop potential productivity using various approaches. The generally acceptable method (Supit et al., 1994) used to calculate evapotranspiration is the Penman approach. Penman (1948) was the first to describe evapotranspiration in physical mathematical terms. He calculated evaporation from free-water surfaces, wet bare soil and low grass swards for 10-day periods (Foken, 2008) .
METHODOLOGY
Penman Equation 1 consists of two parts: the radiative that calculates the net absorbed radiation and the aerodynamic that calculates the evaporative demand of the atmosphere and the resulting equations are used to calculate the potential evaporation.
Where, ET = the evapo(transpi)ration (mm d 
Preparatory calculations
The average temperature is equal to the air temperature (T) which is calculated as. The difference between maximum and minimum temperature is used to calculate the empiric constant of the wind function in the Penman equation.
Where,
The wind-speed dependency is incorporated in the evaporative demand as the wind speed measured at a height of two meters, and multiplied by an empirical coefficient which is temperature dependent and it is calculated as. Saturated vapor pressure is related to mean daily air temperature (Goudriaan, 1977) 
Terms in the Penman Formula
The temperature related weighing factor W in Equation 1 is defined (Penman, 1948) as,
Where, = slope of the saturation vapor pressure curve
The evaporative demand of the atmosphere depends on the difference between saturated and actual vapor pressure and on the wind function. 
Methods used to estimate global radiation
Solar radiation is one of the meteorological factors determining potential productivity (Boisvert et al., 1990) . This can be estimated (Ångström, 1924 ) from other climatic variables; for example from sunshine duration; air temperature range (De Jong and Stewart, 1993) , precipitation (De Jong and Stewart, 1993) and cloud-cover (Barker, 1992) . We used the equation postulated by Ångström (1924) and modified by Prescott (1940) . 
Calculation of maize potential productivity
Crop potential productivity is calculated according to the crop growth dynamics statistical method, which divides the potential production into three levels: photosynthetic, light-temperature, and climatic potential productivity (Yuan et al., 2012) . The photosynthetic potential productivity (PPP; 10 3 kg ha −1 ) is calculated as, 
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RESULTS AND DISCUSSION
The results of photosynthetic potential productivity (PPP), light-temperature potential productivity (LTPP), climatic potential productivity (CPP) and gap differences for the six geo political zones in Nigeria are presented in Table 1 while the geographical map of the area of study is presented in Figure 1 .
The geographical information of photosynthetic potential productivity (PPP); light-temperature potential productivity (LTPP) and climatic potential productivity The potential productivity and potential productivity gap evaluation is important in order to understand the effect of temperature, rainfall and light resources on crop production. In this study, we analyzed the variations in climate factors and their impact on crop (maize) potential productivities (photosynthetic, light-temperature, and climatic) in six geo-political zones of Nigeria for 30 years between 1985 and 2014, and then quantified the spatial and temporal variations in the gap between light temperature and climatic potential productivity. The highest values of maize potential productivity occurred in North-Eastern and North-Western states. In general, PPP decreases from North to South, with the largest values in maize-growing zones II and III (Bauchi, Yola, Kaduna and Kano states) due to higher average growing season radiation and a longer maize growing season as shown in Figure 2 . The spatial change in maize potential productivity did not follow a decreasing trend with latitude due to the complex topographic conditions in these regions. The distribution of areas with high values of photosynthetic potential productivity was different from that with high values of light-temperature productivity due to change in altitude. Areas with high values of photosynthetic productivity were mainly located in the North-Eastern and North-Western regions; however, those with low values of light-temperature potential productivity were mainly located in Southern region of Nigeria. Figure 3 depicts the photosynthetic potential productivity (PPP) of maize that varied from 1091.03 kg to 1505.37 kg ha
, with a mean of 1294.78 kg ha −1 and the highest values of PPP occurred both in the northwest and northeast; whereas the lowest values occurred in the south-south and south-east of the six geopolitical zones in Nigeria. It was noticed that both the PPP and LTP productivities followed the same patterns where the lowest values were recorded in both the south east and south-south of Nigeria as presented in Figure 4 . Lighttemperature potential productivity of maize was noticeably higher than photosynthetic potential productivity, which varied from 3223.99 to 4425.79 kg ha
, with a mean of 3821.402 kg ha −1 as it has been shown in Figure 5 . Figure 6 presents the geographical information of climatic potential productivity (CPP) of the six geopolitical zones of the area of study. Climatic potential productivity varied from 11279.92 to 29263.75 kg ha . Figure 6 exhibits the climatic potential productivity variations which decrease in the Northeast of Nigeria, whereas it increases in the Southwest of Nigeria. The gap between light-temperature and climatic potential productivity varied from 6884.07 to 33506.92 kg ha ) from 1985 to 2014 in Nigeria. Climatic potential productivity was about 10 to 24% of light-temperature potential productivity in these regions, which implies that precipitation is a strong limiting factor for maize potential productivity.
In general, the simulated potential yield decreases generally from north to south due to the latitudinal distribution of solar radiation and growing season temperature which corresponds to the work of Wu et al. (2006) . Precipitation during the maize growing season ranges from 412 to 608 mm in different maize-growing districts, which in theory can meet the water requirements of maize. The climatic potential productivity decreases in the northeast of Nigeria, whereas it increases in the southwest of Nigeria. However, a distinct gap between light-temperature and climatic potential productivity exists, varying from 6884.07 to 33506.92 kg ha , with the high value areas centered in Southern Nigeria, which presents a maize potential productivity loss due to water stress caused by uneven precipitation distribution during the maize growing season. As presented in Table 1 , the largest yield gap was located in south-south and southeast zones.
Conclusion
The major advantage of potential productivity gap analysis is that it is used to know crop yield improvement when there is information about the solar radiation, evapotranspiration, photosynthetic potential productivity (PPP), light-temperature potential productivity (LTPP) and climatic potential productivity (CPP) of the area. Generally, it is a known fact that increases in temperature causes a reduction in climatic potential productivity in the high temperature category, whereas it contributes to an increase in climatic potential productivity at stations in the low temperature category. However, in Northeast, a simulated increase in maximum temperature generally caused a reduction in yield potential, while an increase in minimum temperature produced no significant impact on yield potential. It is noticed that potential productivity is not completely consistent with actual yield. In conclusion, we have demonstrated that a distinct gap between lighttemperature and climatic potential productivity exists where annual and growing season precipitation is sufficient when analyzing the impact of climate change on the spatial and temporal variations of maize photosynthetic, light-temperature, and climatic potential productivity from 1985 to 2014 in Nigeria. It is also worth concluding that the geographic information helps to gather actionable intelligence from all types of data.
